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HIGHLIGHTS  
x For new buildings, research into BIM-FM integration is rare. 
x A review of developments and opportunities for BIM-FM integration is presented.  
x Challenges posed include interoperability, performance enhancement and training. 
x Future work seeks to produce commercial products and record contemporary practice. 
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ABSTRACT 21 
There is a paucity of literature that examines building information modelling (BIM) for asset 22 
management within the architecture, engineering, construction and owner-operated (AECO) 23 
sector. This paper therefore presents a thorough review of published literature on the latest 24 
research and standards development that impact upon BIM and its application in facilities 25 
management (FM) during the operations and maintenance (O&M) phase of building usage. The 26 
purpose is to generate new ideas and provide polemic clarity geared to intellectually challenge 27 
readers from across a range of academic and industrial disciplines. The findings reveal that 28 
significant challenges facing the FM sector include the need for: greater consideration of long-29 
term strategic aspirations; amelioration of data integration/ interoperability issues; augmented 30 
knowledge management; enhanced performance measurement; and enriched training and 31 
competence development for facilities managers to better deal with the amorphous range of 32 
services covered by FM. Future work is also proposed in several key areas and includes: case 33 
studies to observe and report upon current practice and development; and supplementary research 34 
related to concepts of knowledge capture in relation to FM and the growing use of BIM for asset 35 
management.       36 
 37 
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1.0 INTRODUCTION 41 
The proliferation of advanced computerisation throughout industry has revolutionised the way that 42 
buildings are designed, constructed, operated and maintained [1]. Today, computerisation is firmly 43 
embedded within a building’s lifecycle from earliest concept through to occupation and operation, a 44 
transition made possible via disruptive technologies such as Building Information Modelling (BIM) 45 
which have displaced traditional approaches and created virtual communities of practice (CoP) [2]. A 46 
virtual CoP represents an extensive ‘multiple stakeholder’ collaboration platform that is generated 47 
during design and construction through a single integrated BIM [1]. The dynamic, open access, 48 
digital environment afforded by BIM enables storage, sharing and integration of information for 49 
buildings’ operations and management (O&M) (ibid). BIM can embed key product and asset data 50 
within a three-dimensional computer model to effectively and efficiently manage building 51 
information [3] . Consequently, BIM deployment becomes extremely invaluable to organisations that 52 
seek to reap inherent value and efficiency gains from the technology [4, 5].  53 
 54 
However, capturing a building’s intricate and expanding portfolio of data requirements for facilities 55 
management (FM) is complex and requires facilities managers with tenacious strategic and tactical 56 
skills [6,7]. These skills encompass diverse roles and duties may include the strategic planning and 57 
management of: plant operations; computer systems analysis; building assets; interior operations; and 58 
day-to-day tactical operations of assets and staff [8]. The problems related to optimising O&M are 59 
further exacerbated by the vast complexity and volume of data and information generated during a 60 
building’s whole life cycle [9]. Automating this amorphous range of roles and duties, and 61 
engendering intelligent decision support, are feasible with the aid of BIM-FM integration [10,11,12]. 62 
However, within the UK, practitioners1 reside within a transition period of adopting BIM and the 63 
extant literature simultaneously discloses limitations in: related procedures [13]; established 64 
standards [12]; and computerised FM system integration [11]. Many practitioners have sought 65 
bespoke pathways to adopting new technologies in a climate of exponential technological 66 
advancement but few have sought guidance from more technologically advanced sectors as aerospace 67 
and automotive manufacturing [14]. Inconsistencies in technology adaptation are complicated by a 68 
paucity of standardisation within FM procedures and processes. At present, the literature contains 69 
limited evidence of applied studies of hybrid BIM-FM environment development and the tangible 70 
benefits to be accrued from such [12,9].  71 
 72 
                                                          
1 Practitioners in the context of this paper includes all parties involved in construction project development including: 
client’s estates department; construction manager; architect; mechanical electrical plumbing designer; structural engineer; 
sub-contractor; and consultant.   
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To provide polemic clarity of the emergent hybrid BIM-FM environment, this research aims to: i) 73 
conduct a critical synthesis of extant literature and identify key challenges around BIM-FM 74 
integration; and ii) investigate state of-the-art tools used for BIM-FM knowledge capture. In realising 75 
these aims, the objectives are to argue the case for greater BIM-FM integration and stimulate wider 76 
debate and software development amongst academics and practitioners from a broader range of 77 
industrial sectors (including aerospace and automotive manufacturing). Knowledge transfer from 78 
these more technologically advanced industries will be beneficial to the AECO sector.   79 
 80 
2.0 FACILITIES MANAGEMENT: DEFINITIONS, INFLUENCES AND CHALLENGES  81 
FM represents an integrated approach to maintaining, improving and adapting an organisation’s 82 
buildings to promote a fertile environment that supports the organisation’s primary objectives 83 
[15,16]. Literature is replete with FM definitions, for example, Alexander [17] defines FM as: “the 84 
process by which an organization delivers and sustains support services in a quality environment to 85 
meet strategic needs.” McGregor and Then [18] further proffer that FM is: “a hybrid management 86 
discipline, which combines the management expertise of people, property and process(es).(p.1)”, 87 
whilst Nutt [19] defines FM as: “a supporting tool to obtain sustainable and operational strategy for 88 
an organisation over time through management of infrastructure resources and services.(p.462)”. 89 
Chotipanich [20] elucidates the benefits derived from FM, highlighting improvements in managing 90 
facility resources, support services and working environment.  91 
 92 
These delineations illustrate that the definition of FM has evolved over time and this can be attributed 93 
to several influential, interventional factors which impact upon the configuration of FM regime 94 
adopted.  These factors can be conveniently allocated to three thematic groupings: i) business 95 
environment – including organisational structure [16,21]; business objectives [22]; and company 96 
culture and contextual issues [23]; ii) buildings and facilities characteristics – for example, facility 97 
type [23]; location; and size (ibid.); and iii) external interventions/ factors – such as business needs 98 
and processes [18]; asset maintenance priorities [24, 22]; legislation [21]; and interrelationships with 99 
other contractors [16]. In synthesising and evaluating the literature, Chotipanich [20] suggests 100 
categorising these factors as internal factors (i.e. characteristics of the organisation, facility features 101 
and business sectors) or external factors (i.e. social, economic, legislative and regulative, local 102 
culture and context and market context for FM) [25]. Appraising this eclectic mix of definitions and 103 
factors illustrates that internal factors have received wider attention vis-à-vis external factors, even 104 
though the latter are quintessentially important to organisational resilience and business stability [15].  105 
 106 
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Information is critical for supporting efficient and effective building maintenance and day-to-day 107 
operations [15,24,26]. However, the FM sector continues to grapple with information management, 108 
predominantly due to the peculiarity of information and its fragmentation [1, 7]. These two causal 109 
factors are attributed as being the leading causes for knowledge loss within the architecture, 110 
engineering, construction, owner-operated (AECO) sector [27]. Computerisation alleviates asset 111 
information capture and retrieval, but knowledge capture and automated data analysis is limited 112 
within computer aided facilities management (CAFM) systems [15,11]. Commonly established 113 
CAFM tools are: computer aided design (CAD) (ibid.); integrated workplace management systems 114 
(IWMS) [28]; enterprise asset management (EAM) [29]; and computerized maintenance management 115 
systems (CMMS) [30]. Although these disparate tools have inherently different capabilities and 116 
functions, a vital prerequisite to implementing an appropriate CAFM system is that an organisation 117 
perceives data as its most invaluable asset [31]. A recent survey result is juxtaposed against this 118 
position and reveals that 43% of UK employees do not understand the value of business data [32]. 119 
 120 
The performance of FM must be measurable via knowledge management (KM) [33]. However, 121 
agreement over a common definition of KM remains a vexatious issue in FM [34,35,36]. For 122 
example, Bosch et al. [37] suggest that KM encapsulates a process of managing corporate knowledge 123 
to facilitate competitive advantage and organisational success, whilst Bhatt [38] emphasises KM 124 
characteristics and traits such as learning, collaboration, experimentation and implementation of 125 
powerful information systems. Commonly used FM performance measurement tools include: post-126 
occupancy evaluation [38]; British Institute for Facilities Management (BIFM) measurement protocol 127 
[40]; key performance indicators (KPIs) [23]; and the balanced scorecard (BSC) [41] – refer to Table 128 
1. Many of these tools are antiquated, often subjective and frequently client driven – consequently, 129 
they may fail to accurately portray issues facing the facilities management team (FMT) [33].  130 
 131 
<Insert Table 1 FM performance measurement tools> 132 
 133 
2.1 BIM-FM INTEGRATION 134 
The UK Government define BIM as: “a collaborative way of working, underpinned by digital 135 
technologies which unlock more efficient methods of designing, creating and maintaining assets” 136 
[63], whilst Succar [3] defines BIM as: “a set of interacting policies, processes and technologies 137 
producing a methodology to manage the essential building design and project data in digital format 138 
throughout the building’s life-cycle.” The capacity to harness valuable data and information 139 
throughout a building’s life cycle is integral within these ubiquitous definitions (ibid). BIM has 140 
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orchestrated a paradigm shift in the way that information is managed, exchanged and transformed to 141 
stimulate greater collaboration between stakeholders via a single integrated model during the design 142 
and construction phases [1]. This integrated approach to BIM ensures a smooth flow of information 143 
between all stakeholders and is specified and articulated through Levels of Development or Design 144 
[1,64] The Level of Design (LOD) is classified to range from LOD 100 (covering a conceptual ‘low 145 
definition’ design) to LOD 500 (for an as-built ‘high definition’ model). In practice, models that 146 
provide LOD500 are rare.  147 
 148 
BIM and FM integration can be classified as 6D modelling (refer to Table 2) [65], where nD 149 
modelling is defined as the addition of supplementary information to three-dimensional model(s) for 150 
analysis and simulation purposes. BIM-FM integration is increasingly utilised for the building’s 151 
O&M and provides several benefits which include: augmented manual processes of information 152 
handover; improved accuracy of FM data (e.g. manufacturer specifications); and increased efficiency 153 
of work order execution to access data and locate interventions [66]. Watson [67] recommends that 154 
every constructed facility requires a bespoke BIM model, analogous to an owner’s manual, with 155 
mandates for model updates that correspond to periodic repair or refurbishment works. In practice, 156 
6D BIM data becomes the FMT’s responsibility but this can create problems in other areas 157 
[11,12,68]. For example, Teicholz [26] reports a litany of issues including: inconsistent naming 158 
conventions; a myriad of bespoke FMT information requirements; inadequate data categorization in 159 
BIM and CAFM systems; poor information synchronization; and lack of methodology to capture 160 
existing facilities and assets. During O&M, more than 80% of an FMT’s time is consumed finding 161 
relevant information that is often disregarded by designers during pre-construction work [11]. Such 162 
information is important when handing-over an accurate as-built model to building owners for the 163 
purpose of asset management. The Institution of Civil Engineers [69] states that the provision of a 164 
reliable, BIM-sourced suite of information can eliminate these issues. A lack of tacit knowledge and 165 
technical expertise within the FMT represents a major obstacle to the ICE’s (ibid) assertion.  166 
 167 
<Insert Table 2 Dimension of BIM> 168 
 169 
McArthur [71] contends that identifying information required to inform operational decisions is 170 
critical to configuring data retrieval techniques at the post-construction stages - yet this task, and 171 
linking such to the as-built model for O&M usage, remains problematic [72]. Meadati et al. [73] 172 
observe that inconsistences between demand and availability of particular information in an as-built 173 
model incur unnecessary expenditures. Thus, linking data and configuring retrievable information 174 
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within the as-built model for the project’s post-construction operational phase must be considered 175 
during the design and development of BIM data. 176 
 177 
BIM offers the FMT opportunities to manipulate and utilise information contained within 3D objects 178 
[74]. However, Lavy et al. [75] find that during the design phase, participants in a BIM project focus 179 
predominantly upon clash detections and ignore future-proofing maintenance accessibility. The 180 
authors (ibid) highlight potential in BIM for designers to explore the background geometry and 181 
parametric database and incorporate functions to assist the FMT anticipate and solve maintenance 182 
accessibility issues. Similarly, Meadati et al. [73] and Motawa and Almarshad [30] propose 183 
additional tools to improve BIM performance at the O&M stage by more effectively engaging 184 
stakeholders. Longstreet [76] further adds that the value of implementing BIM increases 185 
exponentially as a project lifecycle unfolds. This is because BIM value in FM stems from 186 
improvements to: current manual processes of information handover; accuracy of FM data; 187 
accessibility of FM data; and efficiency increases in work order execution [12]. Consequently, FMT 188 
involvement during the BIM development process is essential because the building delivery team can 189 
be alerted of any issues related to O&M. Interestingly, Bosch et al. [37] contradict this position and 190 
conclude that the current added value of BIM in the O&M stage is marginal due to a lack of 191 
alignment between the supply of, and demand for, FM related information and the context-dependent 192 
role of information. Although this view (ibid) is contrary to those stated within the broader academic 193 
discourse, it does resonate with Kassem et al. [12] who concede that BIM-FM integration represents 194 
a major challenge.   195 
 196 
2.2 INDUSTRY STANDARDISATION AND INTEROPERABILITY 197 
The FM industry standards acknowledge the importance of an organisation’s strategic management 198 
of its property assets. ISO 55000 (ISO, 2014) for example, is regarded as the principal international 199 
document for establishing conformity in asset management, where asset management is defined as 200 
the: “coordinated activity of an organisation to realise value from assets.” Other emergent standards 201 
(which cover building asset maintenance and management) include: PAS 55:2008 published by BSI; 202 
ISO 55001 and ISO 55002. Notably, the greatest influx of standardisation occurred between 2010-203 
2014 such as ISO 16739: 2013 (covering industry foundation classes (IFCs)); PAS 1192:1,-5, 204 
(covering data format specification), ISO:29481;1, (covering BIM information manual). Importantly, 205 
these standards profoundly stress the standardisation of data exchange formats for improved semantic 206 
data interoperability. Figure 1 presents an abridged timeline overview of prominent UK and 207 
international standards governing FM, alongside the key developments in FM and BIM 208 
documentation in the UK. These standards provide coverage of: data management; naming 209 
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conventions; common data environment; IFCs data management and interoperability; as well as 210 
construction information transfer. Construction Operations Building Information Exchange (COBie) 211 
standards (published since 2007 in the US and later adopted as British Standard in 2014) help to 212 
improve the handover of asset related data via the BIM model to the facility managers and/ or 213 
building owners [1,77]. This improvement is achieved by standardisation of data management in 214 
COBie for improved interoperability between BIM and CAFM systems [37].  215 
 216 
< Insert Figure 1 Development of BIM and FM standards> 217 
 218 
2.3 DATA INTEGRATION  219 
Data integration is embedded within the broader concept of interoperability between systems, 220 
services or programs [78] and is commonly defined as: “the combination of data from different 221 
sources with unified access to the data for its users” [79]. Inadequate data integration is a constant 222 
issue amongst building information modellers because of differences in syntax, schema or semantics. 223 
Multiple levels of data interoperability exist. However, out of the six levels of conceptual 224 
interoperability, ‘semantic interoperability’ is the one most applied to BIM data integration with 225 
other systems. Semantic heterogeneity of data results from different meanings or interpretations of 226 
data that may arise from various contexts (ibid). Hence, data integration and interoperability are 227 
inextricably linked when discussing BIM and other systems that need to integrate with it. 228 
 229 
Data interoperability issues related to integration of BIM data with existing FM systems may be 230 
partly resolved through the use of ISO 16739 certification (ISO, 16739). 231 
The IFCs specification within ISO 16739 is an open and neutral data file format for data sharing and 232 
exchange within construction and FM, affording greater integration between BIM software vendors. 233 
IFCs is the only object orientated 3D “vendor-neutral BIM data format for the semantic information 234 
of building objects” [77]. IFCs models have been used as the file format for transferring BIM model 235 
data into CAFM tools due to the lack of interoperability between existing CAFM tools and the 236 
growing number of commercially available BIM packages [11]. Emerging literature on data 237 
integration between BIM and FM shows that software interoperability remains a significant and 238 
persistent obstacle [11,80, 81].  239 
 240 
3.0 BIM AS A FACILITATOR FOR FM EFFICIENCY 241 
Environmental impact and stricter environmental regulations have required the AECO sector to 242 
manage resources more efficiently [82]. This includes a building’s O&M costs which far exceed 243 
capital expenditures (CapEx) incurred during design and construction [21]. According to Mirjana and 244 
 -8- 
 
Milan [83], the cost of O&M occupies more than 80% in the lifecycle of the building. The global 245 
economic crisis has further exacerbated the need for organisations to cut business overheads in 246 
response to tighter budgets [82]. Within this climate of financial austerity, BIM has been heralded as 247 
a facilitator for improvements in FM efficiency by enhancing the integration of FM related 248 
information [82,11,84]. These improvements are accrued during: the generation and management of a 249 
facility’s digital specification and characteristics data; and cooperation between all parties involved 250 
in both building design and operation [20]. Consequently, BIM can overcome some of the 251 
complexity and fragmentation experienced within the FM sector [84].  252 
 253 
The effective management of asset maintenance is heavily reliant upon continuous and reliable 254 
information on asset inventory, condition and performance [85]. Such non-geometrical information 255 
can be gathered and integrated with existing geometrical data retrievable in the BIM environment. 256 
This affords ease of access for information retrieval and enhanced visual recognition when locating 257 
facility assets [4]. Such measures provide substantial enhancements to traditional methods of 258 
managing assets during the O&M phase; case studies of BIM applied to FM have demonstrated 259 
palpable long-term benefits for O&M [86, 87]. An early case study observed a 98% reduction in time 260 
and resourcing for producing and managing an FM database through BIM [88]. Similarly, the Sydney 261 
Opera House case study demonstrates increased efficacy in data consistency, data mining and 262 
operating from a single source of information for the FMT [1]. Evidence also reveals how BIM has 263 
orchestrated efficient data retrieval and storage, and reduced time and resource spent on finding 264 
relevant equipment and building materials information [1,87]. Ding et al. [89] further reinforces these 265 
findings and reveals that BIM enabled FM witnessed a 98% reduction in time used to update FM 266 
databases.  267 
 268 
Implementing BIM in FM also allows asset owners to formulate intelligent decisions on facility 269 
related activities, and consequently optimize the outcome [75]. Because BIM facilitates collaboration 270 
and information integration during the O&M phases, it is beneficial for processing large sets of 271 
complex information typically associated with maintaining building assets [4]. The aggregation of 272 
various FM information perspectives requires a high-level integration generated by different 273 
stakeholders using multiple sources such as maintenance records, work orders, causes and knock-on 274 
effects of failures [90]. It also describes how information flows through three different analysis 275 
nodes, namely: legal; technical; and administrative aspects. Each node produces outputs that are 276 
influential to others in order to correctly process and interpret data. However, when examining FM 277 
holistically and how extensive its information perspectives and disciplines are, it can be argued that 278 
three nodes cannot provide universal coverage of all sources of information flow. Given the inherent 279 
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complexity of facilities and FM maintenance procedures, BIM process adaptation offers exciting 280 
opportunities for encapsulating such data for asset maintenance. Future research is needed to further 281 
substantiate the potential benefits afforded by BIM-FM integration using real life case-studies [11]. 282 
   283 
3.1 OBSTACLES IN BIM-FM INTEGRATION  284 
As-built BIM models require data updates when maintenance work is conducted to ensure that the 285 
most recent asset history data is readily available for the FMT [24]. This movement towards BIM 286 
reuse for FM imposes new processes and tasks for the FMT, and represents a challenge for BIM-FM 287 
integration (ibid). For example, BIM and CAFM integration has been heavily criticized for limited 288 
data interoperability, namely the aptitude for transferring appropriate FM semantic data [13], whilst 289 
Bosch et al. [37] find the benefits of BIM for operations are marginal. Incongruence between the 290 
supply of, and demand for, information has also proved to be the key obstacle of BIM-FM 291 
integration.  Although BIM enables greater data integration, such data is not necessarily presented in 292 
a pertinent semantic format for FM [91]. FMT involvement in the design and construction phase 293 
could improve interoperability of semantic data and hence the delivery of O&M [75]. COBie has 294 
similarly been criticised for its inability to ensure comprehensive semantic data for FM and provide 295 
guidance for the design team on sourcing additional operational semantic data for FM [13]. Table 3 296 
presents a critical synthesis and evaluation of the benefits derived from BIM-FM integration and the 297 
corresponding obstacles reported in the literature.  298 
 299 
<Insert Table 3 Overview of the commonly outlined benefits and corresponding obstacles in the 300 
BIM-FM integration> 301 
 302 
Decision making for the O&M of assets directly influences the annual expenditure of buildings [8]. 303 
However, accurate decision-making is unnecessarily convoluted given disintegration of multiple 304 
databases and data formats used [21]. Often decisions derive from various information sources (i.e. 305 
historical data, design drawings, inspection records and sensor data) which frequently reside in 306 
separate text-based spreadsheets [99]. Decisions based upon their large, textual based, data sets are 307 
unintuitive, time consuming and prone to human error (ibid.). Moreover, FM is inextricably linked to 308 
business operations within a building which vary building-to-building, hence the need for a tailored 309 
service [100,18]. The challenge is for BIM to provide strategic decision making for improved 310 
maintenance performance - often measured in terms of cost, time, health and safety, functionality and 311 
maintainability [101]. Successfully integrated CAFM and BIM systems provide an invaluable source 312 
of knowledge capture for existing facilities [102]. Figure 2 demonstrates how functions of existing 313 
maintenance processes have been integrated via BIM and CMMS, BIM and CAFM and in BIM 314 
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Expert systems; it also illustrates that decision support and diagnosis is yet to be achieved using BIM 315 
systems or with BIM and CAFM systems.  316 
 317 
<Insert Figure 2 O&M functions mapped with CAFM, CMMS, BIM tools> 318 
 319 
Knowledge capture becomes beneficial for predictive and preventative maintenance where asset 320 
information and operation data is accumulated and turned into insights about FM [109,72]. A dearth 321 
of studies demonstrate initial concepts of knowledge capture in relation to FM and the growing use of 322 
BIM for asset management. Table 4 summarises these studies to provide a foundation for knowledge 323 
based predictive maintenance management with BIM. Hassanain et al. [110] were the first to propose 324 
an IFCs based data model for an integrated maintenance management system. Later, Hassanain et al. 325 
[109] proposed an object-oriented method for supporting the information exchange between different 326 
domains in an FM project which allows the computer applications used by all project participants to 327 
share and exchange the project information. For example, using the concept of virtual reality, Chen 328 
and Wang [99] developed a 3D visual approach for maintenance management which provides the 329 
FMT with component and maintenance information. 330 
 331 
<Insert Table 4 State of the art knowledge based decision tools in FM > 332 
 333 
Lin and Su [64] developed a BIM-based facility maintenance management system for the FMT in the 334 
O&M phase – this allows the FMT to access and review 3D BIM models for updating maintenance 335 
records in a digital format. The study proved that the structured information handover is fundamental 336 
to implementing BIM for FM. Motamedi et al. [72] also applied information generated from BIM to 337 
detect failure patterns of building components. As IFCs (and model view definitions (MVD) integral 338 
within these) are published and maintained by the buildingSMART alliance, it is currently supported 339 
by circa 150 software applications worldwide and used throughout industry [117]. The 340 
interoperability of the IFCs format allows designers, contractors and the FMT to utilize different 341 
software through the entire building lifecycle and improve the building’s maintainability. Motawa 342 
and Almarshad [30] developed knowledge-based Building Information Modeling (K-BIM) that has 343 
been highly advocated in the field of facility management. Unlike the traditional application of BIM, 344 
the K-BIM proposed to capture the failure-cause-effect pattern of the component failure and then link 345 
to the corresponding elements of the BIM.  346 
 347 
Whilst an influx of innovative, state-of-the-art tools demonstrate knowledge capture, limited 348 
evidence exists to substantiate the presence of a systematic feedback loop from the FMT (reporting 349 
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upon actual- vis-a-vis predicted-building performance) to other relevant stakeholders engaged earlier 350 
in the development (e.g. design team members, contractors and other parties within the supply chain). 351 
BIM is heralded as a new facilitator for collaboration, however the key beneficiaries of building 352 
performance knowledge should not be limited to the FMT in the post occupancy phase. In order to 353 
facilitate a CoP that could augment the performance of future building developments, such 354 
knowledge is most valuable when fed back to participating stakeholders during the design and 355 
construction phases. Optimising the effectiveness of knowledge generated will require existing and 356 
future generations of personnel to be fully trained and competent in computer software systems, 357 
applications and developments. Figure 3 presents a diagrammatic representation of the potential for a 358 
knowledge based feedback loop from BIM and FM data integration. This development could 359 
improve interoperability in several key areas. First, data pertaining to a building’s operational 360 
performance during the O&M phase allows clients to develop optimum strategic maintenance plans. 361 
Second, comparison between actual and predicted building performance will allow both designers 362 
and contractors to improve the performance of future building developments [13].   363 
 364 
<Insert Figure 3 Potential for the knowledge based feedback loop from BIM and FM integration> 365 
 366 
4.0 CONCLUSIONS 367 
The extant literature is replete with widespread endorsement for BIM, which is seen to expedite the 368 
enhancement in building data management throughout the building’s life-cycle. The increased 369 
demand for data management due to computerisation within the AECO industry has engendered a 370 
shift in existing processes towards more model based collaboration that has impacted upon the way in 371 
which buildings are operated and maintained. BIM and computerised FM tools used to manage and 372 
operate building asset data are ubiquitous whilst FMT requirements are often unique and bespoke. 373 
While some academics expound the virtues of COBie, anecdotal evidence suggests that this one shoe 374 
fits all approach is not well received by practitioners – indeed, the general consensus appears to 375 
suggest that there is little value in collecting data for the sake of such. Nevertheless, the inherent 376 
complexity of FM maintenance procedures presents exciting opportunities for encapsulating rich 377 
semantic data within BIM at the earlier stages of the building life cycle (design and construction). 378 
This early integration of both geometric and semantic data would prove invaluable to the FMT during 379 
building occupancy, particularly with respect to monitoring building performance. In turn, a more 380 
accurate measurement of building performance in-use provides a virtual circle and invaluable 381 
knowledge based feedback opportunity for designers and contractors to improve the development of 382 
future projects commissioned. 383 
  384 
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However, efficient utilisation and integration of complex FM semantic data in BIM poses three 385 
significant challenges. First, computerisation technology is developing at an exponential pace and 386 
hence, training personnel to keep abreast of the latest knowledge and developments can be 387 
problematic for industry. Higher education institutes (and other education providers) must collaborate 388 
more closely with practitioners to fully embrace the concept of a life-long learner in order to avoid 389 
tacit knowledge redundancy within the workforce. Second, there is a lack of alignment in the supply 390 
and demand of FM semantic data from project clients, which can also indicate an inadequate 391 
understanding in what semantic data is usable or required during the building’s life cycle. Realising a 392 
solution to this issue will be multifaceted but is likely to include a combination of aspects relating to 393 
greater knowledge management, better education during building conception, supported by a robust 394 
form of procurement. Third, data within BIM for FM is not fully exploited for the decision support 395 
knowledge inherent within it. Therefore the opportunity to enhance a building’s performance using 396 
rich semantic data is lost. This issue is further exacerbated by gaps in software interoperability when 397 
transitioning between as-built BIM and a CAFM system. Subsequently, the broad range of geometric 398 
and semantic data embedded in BIM model, points to the potential to augment data analysis and 399 
generate accurate knowledge capture and decision making. Opportunities are myriad but include the 400 
greater use of plug-ins to meet bespoke client requirements and machine learning algorithms to assist 401 
with the collation and interpretation of voluminous data accrued throughout the building’s life cycle. 402 
 403 
Future research is however needed to: i) further develop the concepts of, and applied methodological 404 
approaches for, knowledge capture in relation to FM and the growing use of BIM for asset 405 
management. Such work should aspire to produce tangible commercial products founded upon robust 406 
testing by scientific validation; ii) substantiate the potential benefits afforded by BIM-FM integration 407 
using real life case-studies as a means of broadening the industrial engagement, collaboration and 408 
future participation. To date, case studies of practice-based initiatives are scant or provide 409 
rudimentary insight into the myriad of opportunities available to clients and the building’s FMT; and 410 
iii) conduct comparative analysis between BIM applications within the AECO sector and more 411 
technologically advanced industries such as aerospace and automotive. Such analysis may propagate 412 
the transference of readily available solutions to challenges reported upon in this paper. Automation 413 
within the BIM-FM integration process will revolutionise how buildings are conceived, developed, 414 
built and utilised – the challenges and opportunities identified here require innovative solutions to 415 
transform industry practice and should be augmented with far greater industry-academic 416 
collaboration and education.  417 
  418 
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Table 1 FM performance measurement tools 419 
Performance 
Measurement 
Tools 
Definitions and Attributes Authors 
Post-occupancy 
evaluation 
The evaluation of a building’s performance in use by 
auditing client satisfaction. Implemented at the 
concluding stage of the design process, this can identify 
potential system inefficiencies and improve design and 
procurement for future projects.  
 [39, 42,43,44,45] 
 
Business 
excellence 
model (BEM) 
Represents a conceptual framework to measure business 
performance, using processes based upon cause and 
effect. More widely accepted and more effective than 
other types of performance measurement tool.  
[33,46,47,48] 
 
Capability 
maturity model 
(CMM) 
A process maturity framework of five maturity levels 
(the structural components that comprise the CMM 
Software), based upon a software development 
evaluation methodology which has been introduced to 
other disciplines.  
[33,49,50] 
 
 
Balanced 
scorecard (BSC) 
A semi-standard structured report used by managers to 
monitor staff activities and any consequences arising 
from these actions It may include additional perspectives 
such as service, physical, financial, community, 
environmental and utilisation. The most popular method 
of measurement in the FM field.   
[33,41,51,52,53,54] 
 
BIFM 
measurement 
protocol 
Measures the effectiveness of facility management 
operation in terms of cost and attempts to measure value 
for money. Aims to resolve the problems resulting from 
the amorphous range of services covered by FM and 
represents a first step in the development of standardised 
facilities management performance measurement. 
[13,51,55] 
 
Hierarchical 
system of 
performance 
indicators 
Key performance indicators (KPIs) that have intrinsic 
mutual relationships/ dependencies with other KPIs that 
are linked through a hierarchal structure.  
[56] 
Benchmarking 
and cost of 
operation 
Benchmarking reflects the ethos of promoting 
continuous improvement, determined from both within 
and outside the organisation. It is the associated tool 
used to achieve critical success factors such as 
operational service efficiency 
[57] 
 
Key 
performance 
indicators 
(KPIs) 
A performance measure of the success of an organisation 
or activity in which it engages; performance indicators 
are seen to deliver a service and are used to select 
providers of FM; KPIs seek to benchmark industry 
performance with a view to improving it; results show 
that there is a relationship between types of maintenance 
strategy implemented and end user satisfaction. Widely 
used performance measurement tool in FM.  
[23,58,59,60,61] 
Input versus 
output based 
performance 
measurement 
Seeks to develop standardized performance metrics.  
 
 
[51,62] 
Service balanced 
scorecard (SBS) 
A method for measuring facility performance that 
encompasses financial and non‐financial indicators.  
[52] 
 -14- 
 
Table 2 Dimensions of BIM 420 
Dimension of 
Development 
Descriptions Stakeholder Impact 
3D  Consists of two and three dimensional model data to 
represent the building design. 3D BIM can also be 
defined as: “geometric presentation, parametric 
descriptions and legal regulations associated with the 
construction of a building” [70] 
Design team, supplier 
   
4D (3D + time) Links scheduling/time related information to the 3D 
model’s objects in order to sequence the construction 
process over time. [65] 
 
Contractor, sub-contractor 
5D (3D + cost) Adds cost related information to the 3D model’s 
elements. This enables early cost estimation and quantity 
take offs directly from a single 3D file (ibid.). 
 
Quantity surveyor 
6D (3D + FM) Integrates FM and building lifecycle information. 6D is 
related to asset information useful for facility 
management processes, but after 5D no general 
consensus on the dimensions has been reached in the 
literature (ibid.). 
 
Facility manager, building 
owner 
nD (3D +…nD) Other possible dimensions associated with the BIM 
model. 
 
 
Can relate to any specified 
stakeholder. 
 
  421 
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Table 3 Critical overview of commonly outlined benefits associated with BIM and FM integration  422 
Benefit Results Authors Limitations 
Increased 
utility and 
speed for 
data retrieval 
from a 
centralised 
BIM model. 
Information is more 
easily shared, can be 
value-added, and 
reused. 
[26,37,75,92,93,94,98] 
 
Designers do not always know what 
data is relevant to the FMT, slowing 
down the process of COBie data drops. 
Although BIM enables for more data 
to be added this does not necessarily 
mean it will be usable during the FM 
stages. Data is not necessarily 
presented in a usable format, survey 
results illustrate that manual input can 
take up to two years into CMMS after 
the handover stages.   
Enhanced 
collaboration 
through BIM 
processes and 
modelling. 
Built asset proposals 
can be rigorously 
analysed across 
disciplines and 
organisations. 
Simulations can be 
quickly executed and 
performance 
benchmarked, enabling 
improved and 
innovative solutions 
[26,75,94,95,96,98] Collaboration between building 
owners and the FMT at the design 
stages is very limited. Little evidence 
shows FM related constraints being 
analysed in BIM. For example,      
Lavy et al. [75]  find that maintenance 
accessibility tends to be ignored in the 
design stages although collaboration is 
facilitated through BIM. Collaboration 
that is afforded with the design team 
stakeholders for the design of the 
building will not necessarily improve 
upon how that building is to be 
maintained in the latter stages.  
Improved 
embedded 
building data 
in a 
centralised 
model. 
Requirements, design, 
construction, and 
operational information 
can be used in FM 
resulting in better 
management of assets.  
[26,73,75,94,95,96] 
 
 
There are still many limitations with 
BIM integration into existing CAFM 
systems; this integration is necessary 
as not all FM related information is 
suitable for hosting in a BIM 
environment. There is also a lack of 
standardized tools and processes and 
determining the specific data required 
remains a key challenge for both the 
design team members and the building 
owner.  
Visualisation 
of assets.  
The value of 3D 
visualization eliminates 
misinterpretation. 
Navigation of 
information becomes 
more fluent in a 3D 
environment.  
[37,94,95] Locating and navigating in a complex 
BIM becomes difficult if GIS 
information or barcoding is not linked 
with the BIM model.  
Longer 
equipment 
asset life. 
Through better 
knowledge of existing 
assets and CAFM 
integration preparation 
and planning enables 
longer asset life.  
[26,94,95,97] The learning process needs to be 
facilitated during building operations 
for better knowledge on asset 
performance. Lindkvist [95] 
highlighted the necessity of balance 
between exploration and exploitation 
of learning in order to shape BIM for 
maintenance. 
More 
effective 
space/ move 
planning. 
 
In depth knowledge on 
the assets that are fixed 
or movable means 
better space movement 
can be planned and 
executed.  
[26,73,94] If RFID tags are not used this can limit 
the accuracy of model data as it is so 
heavily reliant on precise and up to 
date information being added by the 
management team.   
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Table 4 State of the art knowledge based decision tools in FM  423 
Use/Functionality  Methods Authors Limitations  
3D visual approach for 
maintenance management 
Utilises an external database and OpenGL technology. 
Virtual facility provides administrators with component and  
maintenance/ management information 
[99] Requires a substantial amount of manual 
data input in order to retrieve usable 
information. No knowledge capture evident.  
Roof  maintenance 
management 
Proposed IFCs-based data model for integrated maintenance 
management for roofing systems. 
[110] Lacking integration of network based data, 
e.g. weather conditions that may impact 
upon maintenance.  
Visualizer An interactive and graphical, decision-support tool for 
service life prediction for asset managers. 
[111] Limited in showing how learning can occur 
for an organisation.  
Object-oriented method of 
asset maintenance 
management. 
Supports information exchange among different domains. [109] Does not reveal knowledge capture 
capacity, merely sets the stage for it.  
Decision support for 
maintenance evaluation and 
suggestion 
A problem-oriented method of diagnosis of human diseases 
known as Building Medical Record (BMR) adopted for 
maintenance engineers, and contractors to access 
information for evaluations and maintenance suggestions.  
[112] No use of BIM data evident 
Framework for facilities 
knowledge mapping  
The study reveals the main benefits of knowledge mapping 
for FM: improvements in decision making process, problem 
identification and solving by providing quick access to 
critical information, knowledge gaps and island of expertise. 
[113] This framework does not mention how BIM 
data could be utilised in knowledge 
mapping.  
Diagnosis of the facility when 
making decisions 
Extension of BMR called Building Diagnosis Navigation 
System to support on-site managers during the diagnosis of 
the facility when making decisions about treatment options. 
[114] No use of BIM data evident  
Navigational algorithm in 
BIM for asset management   
For effective utility maintenance management of facilities 
equipped with passive Radio Frequency Identification 
(RFID). 
[115] 
 
Requires RFID tags, and ignores facilities 
that may simply be using BIM model data 
linked into existing CAFM or CMMS 
system.  
FM visual analytics system 
(FMVAS) for failure detection 
Knowledge capture for root cause failure detection in FM. [94,72] Limited in showing knowledge capture as a 
method.  
Knowledge based FM using 
BIM (K-BIM) 
As constructed information of the facility has the capability 
for effective and efficient FM and thereby, enhances the 
competitive advantage of a FM organisation. 
[116] Demonstrates limited learning capacity with 
K-BIM system (i.e. diagnosis of potential 
issues).  
Case-based reasoning and 
BIM systems for asset 
management 
An integrated system to capture, retrieve and manage 
information/ knowledge for the key asset management 
operation of building maintenance (BM). This aims to 
establish the concept of Building Knowledge Modelling 
(BKM). 
[30] Further research needed to show how this 
platform can be integrated with various 
CAFM systems.  
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Figure 1 Development of BIM and FM standards 424 
 425 
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Figure 2 O&M functions mapped with CAFM, CMMS, and BIM tools.426 
 427 
 428 
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Figure 3 Diagrammatic representation of the potential for knowledge based feedback loop from BIM and FM data integration 429 
430 
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